WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Gasification 6 : 
A61F 2/06, A61M 25AM) 



A2 



(11) International Publication Number: WO 99/42059 

(43) International Publication Date: 26 August 1999 (26.0S.99) 



(21) International Application Number: PCT/US99/03544 

(22) International Filing Date: 19 February 1999 (19.02.99) 



(30) Priority Data: 
09/026,106 



19 February 1998 (19.02.98) US 



(71) Applicant: PERCUSURGE, INC. [US/US); 777 North Pastoria 

Avenue, Sunnyvale, CA 94086 (US). 

(72) Inventors: ZADNO-AZ3ZI, Gholam-Reza; 8213 Del Monte 

Avenue, Newark, CA 94560 (US). BAGAOISAN, CeJso, J.; 
4441 Pomponl Street, Union City, CA 94587 (US). PATEL, 
Mukund, R.; 427 Ridgefarm Drive, San Jose. CA 95123 
(US). MUNI, Ketan, P.; 97 Frontier Trail Drive, San Jose, 
CA 95136 (US). 

(74) Agent: NATAUPSKY, Steven, J.; Knobbe, Martens, Olson & 
Bear, LLP, I6tb floor, 620 Newport Center Drive, Newport 
Beach, CA 92660 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH. GM, HR. HU, ID, IL> IN, IS, JP, KE, KG, KP, 
KR, K2, LC. UC UR. LS, LT, LU, LV, MD, MG, MX, 
MN, MYV, MX, NO. NZ, PL, PT, RO, RU, SD, SE, SG, 
SI. SK, SL, TJ, TM, TR, TT. UA, UG, UZ, VN, YU. ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG. ZW), 
Eurasian patent (AM, AZ, BY. KG, KZ, MD, RU. TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM. GA, GN, GW, ML, MR, NE, SN, 
TD, TC). 



Published 

Without internatioml search report and to be republished 
upon receipt of that report. 



(54) Title: OCCLUSION OF A VESSEL 




32 44 



(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-lilce structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, die expansion member may be expanded by heating It 
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OCCLUSION OF A VESSEL 
Background of the [gygntfofi 

Ffefd of thit InvMjjon 

The present invention relates oeneraBy to the occlusion of a vend with* . p.tieot, and more specifically, 
to an apparatus and method of partiaBy or completely occluding a vessel. 
Pascriminn of tha RahfH Art 

Attempts heretofore have been made to treat occlusions in tha carotid arteries leading to the brain. 
However, such arteries neve been very difficult to treat because of the possitfty of dbfodging plaque which can 
enter various arterial vessels of the brain and causa permanent brain damage. Attempts to treat such occasions 
with balk.cn angioplasty n8ve b(sm very i™,,d because of such dangers. In surgicel treatments, such as 
endarterectomy. the carotid artery is slit and plaque is removed from the vessel in the slit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such es in engioplasty and in the treatment of peripheral arteries and veins, there is 
the possibility that the guide wires end catheters used in such procedures during deployment of the seme may cause 
disrodgement of debris or emboli which can flow downstream and cause serious damage, such as stroke, if they 
occlude blood flow in smaller vessels. Thus, in summary, embolization end migration of micro^nboli downstream 
to an end oigen is a major concern of cardiologists during catheterizations. 

There is therefore need for new end improved apparatus and methods which make it?ossible to treat 
occluded vessels without endangering the patient. 

Summary of tha Ijiyejtjan 

The present invention satisfies the need for a device that occludes a vessel, in particular, a vessel in a 
patient undergoing therapeutic or other medical treatment. Any one of a number of different expansion members 
are joined to one or more elongate members such es hypotufaes to form e device that completely or partially occludes 
a vessel within a patient. The expansion member may be self -expanding, it may be expanded by engaging it with 
one of the elongate members, or it may be heated to cause ft to expand. A membrane preferably surrounds the 
expansion member so that a seal is made between the membrane and the vessel. The perfusion of blood is allowed 
H the membrane is perforated. Partial occlusion may be obtained without a membrane if a suitable expansion 
member b chosen. In general, in one aspect of the present invention, there is provided an apparatus and method 
that can be used with approved diagnostic and therapeutic devices to reduce the chance of emboli migrating 
downstream. Alternatively, the expansion member may anchor an intravascular device within a vessel. 

One embodiment of the present invention is a device for occluding a vascular segment, si which the device 
incaidas an expansion member end first end second elongate members. The first elongate member engages the 
expansion member, and the second elongate member surrounds the first elongate member, with the expansion member 
expending to occlude the vascular segment when one of the elongete members is moved longitudinally. The 
expansion member preferably includes a braid, a coil, a ribbon-ike structure, a slotted tube, a plurality of ribs or a 
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M. me*. The device may .b. imdud. material .ha, adjoin, the expanxion ^ f or crMtirjg a partial or 
total seal with the vascular segment. 

In one particular embodiment the expansion member is in an unexpended stete when i, i, surrounded by 
the secnnd elongate member, but expand, when the first elongate member is pushed through the second elongate 
member. In another embodiment, both the first and second .long,,, member, ere secured to the expansion member, 
and the expansion member expands as the first elongate member i, retracted. 

Another embodiment of the amotion is e method of occluding a segment within a vessel, which includes 
the step of inserting first and second etangete members into the vessel to be occluded (in which the first elongate 
member adjoins an expend member), Mowed by the step of varying the position of ., least one of the elongate 
members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embedment, the varying step includes retracting on. of the eh.ng.te members, end in another embodiment the 
verymg $ ,ep comprises pushing one of the elongate member, through ,he omer elongate member. In ye, another 
method of occluding . segment within a vessel an expansion member rs inserted whhin the vessel and the expansion 
member is heated to cause it to expand until the vessel is at least partially occluded. Heating the expansion member 
may involve, for example, passing electricel current through rt or pessing worm solution over or near it. 

Brief Description of th» n fa win fl . 

FIG. 1 is e situational view in section of one embodiment of e catheter apparatus incorporating the 
present invention for treating occluded vessels. 

FIG. 2 is a side-elevational viaw in section similar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expendable seal) deployed. 

FIG. 3 is a side-elevational view h section of another embodiment of a catheter apparatus incorporate 
the present invention for treating occluded vessels. 

FIG. 4 is a view similar to FIG. 3 but showing the expansion member (in this case, a serf -expandable seal) 

deployed. 

FIG. 5 is e schematic, longitudhal cross sectional view of en embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A and 6B show end views of imperforated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which e braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-Bice mesb is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment n which a slotted tube is used 
e, the aipansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. S. 
MG. 1 1 is a schematic, longitudinal cross sectional view of an embodiment in which a coil is used as the 
expansion member, and the proximal end of a membrane surrounding the col adjoins the coil 
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FIB. 12 is 3 schematic, longitudinal cross sectional view of an embodiment in which a coil h used as the 
expansion member, and the proximal end of a membrane surrounding the coil adjoins a sheath that surround, both 
first and second elongate members. 

FIG. 12A is en embodiment similar to that shown in FIG. 12. in which resistive heating is used to expand 
the expansion member, with current being conducted through wires being attached to either side of the expansion 
member. The expansion member as shown is partially deployed. 

FIG. 12B is an embodiment similar to that shown m FIG. 12A. in which resistive heating is used to expand 
the expansion member, with current being conducted through a wire being attached to the distal end of the expansion 
member end through e coating on the first elongate member. The expansion member es shown is partially deployed. 

FIG. 13 is e schematic side cross sectional view of an embodiment in which a plurality of ribbons are used 
as the expansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. in which a warm solution passes between 
the first end second elongate members to trensfer heat to the expansion member, causing it to expand. The 
expansion member as shown is partially deployed. 

FIG. 138 is an embodrnent similar to that shown in FIG. 13A. in which a warm solution passes through 
the first elongete member to transfer heat to the expansion member, causing it to expand. The expansion member 
ss shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A and 13B. in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of ribs are used 
as the expansion member.- 

FIG. 15 is an isometric view of an embodiment of the invention in which e pull wire is used to deploy a 
plurality of non-self-expanding ribbons surrounded by a membrane. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaxed, undeployed position. 

FIG. 17 is a side etevational view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membrami makes a seal with the vessel. 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, of e locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an alternative locking mechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A, 20B, 20C, end 200 show, respectively, a braid, a fitter like mesh, a slotted tube, end e plurality 
of coils, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 
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Prtaited Oascription of the Prgfgred Embodiment* 
The expension member, discussed herein kick.de braids, cods. ribs. ribben-Rk. structure,, slotted tubes, and 
fiter-hke me*,*. The,e expansion members may be partialy covered or completely surrounded by a membrane or 
other covermg to provide occlusion or ,eafing of the vessel As used hereu, -occkKion" or "sealing" and the like 
moan partial or complete blockage of fluid flow in a vascular segment, as „ i, somerimes preferable to anew 
perfuaon. Moreover, such espansion member, may be deployed by various machanica. means, electrical mean, or 
thermomechanical moan, etc a, described herein. Expension member, that are deployed mechanically are preferably 
"spnng-likB" n nature. i.e. they are preferably resilient to facilitate their deployment or retraction. 
Catheter Apparatuses and S eff-Exnandinn R r»rf T 

Ona embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown in figures 1 and 2. A, shown therein, the eetheter epparatu, 651 consists of . flexible elongate member 
652 wn<ch is provided with proximal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity and i, provided with a TouhyBorst fitting 657 which I, in communication with , large 
central k.men 656 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
la provided on the adapter 656 as well as an irrigation fitting 662. both of which are in communication with the 
central lumen 658. However, it should be appreciated that if desired, separate lumen, can be provided in the flexible 
elongate member 652 for both of the fitting, 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. ThiTselfTxpanding seeing 
mechanic 666 can take any suitable form. For example, as shown it can consist of a braided structure 667 formed 
of a suitable shape memory material such as a nickel titanium alloy that will attempt to expand to a predetermined 
shape memory. Other then shape memory materials, other materials such as stainless steel. Elgitoy~ titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expanding when the self- 
expanding seal mechanism is relea,ed. Also it should be appreciated that the self-expanding seal mechanism 666 
can be comprised of an absorbent material which when it absorb, nine or Mood expand, to form a seal Such 
seals can be readily accomplished because it i, only necessary to form a seal of approximately 1.5 psi to prevent 
small particles from moving downstream. 

In order to prevent abresion of a vessel, it is desirable to cover the braided structure 667 with a covering 
666 of e suitable material such as a polymer or a biocompatible coating which extends over the braided structure 
867 and which moves with the braided structure 667 as it expand, and contract,. The polymer can be of a suitable 
material such a, sfficone. C-flex, polyethylene or PET which would form . good sealing engagement with the wall 
of the emery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding sealing mechanism 666 ,o that the apparatus 
can be inserted into the vessel 481 and consists of an elongate sleeve 771 having proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 776 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The collar 776 
serves as a mechanism for retracting the sleeve as shown in Figure 2 to uncover the setfexpanding sealing 
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meenanam 666 after the catheter he, been deployed to pen™, the self-expending sealing mechanic 666 to expand 
and form a seal with the arterial vessel adjacant thB stenosis to be treated. 

Another embodiment of a catheter apparatus for treating occluded vessels incorporating the present 
invention is shown in figures 3 and 4. As shown therein, the apparatus 781 consists of a guidhg catheter 782 
havmg proximal and distal extremities 783 end 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of . conventional type. A conventional attachment 786 is mounted on the proximal extremity 783. 
Self-expanding »al mechanism 791 i, mounted on the distal extremity 784 and is of the type hereinbefore described 
m connection with the embodiments shown in Figures 1 and 2. A sleeve 796 sMIar to the sleeve 771 of the 
previous embodenent is provided in the present embodiment for encasing the self-expanding seal mechanism 79 1 and 
for releesing the same after it has been disposed in en appropriate position within a vessel edjecent the ocdusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 end 798 end having a bore 
799 extending from the proximal extremity to the distal extremity which is sired so that it can receive the guide 
catheter 782. It i, provided with a collar 801 on its proximal extremity which is adopted to be disposed outside 
the petient end which is adapted to be grasped by the physician for pulling the sleeve 796 proximally to uncover 
the aelf-expanding seal 791 after the apparatus has been deployed to permit the self-expension of the sealing 
mechanism 791 to form a seal with thB vessel wall as shown ei Figure 4. 

In accordance with the hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the seme function es the main catheter. To accomplish this, the assembly 781 can be introduced 
into the femoral artery and the distal extremity advanced into the desired location at the arterial vessel. After ft 
has been properly petitioned, the physician can retract the sleeve 796 to permit the self-expending seel mechanism 
791 to expand and to form a seel with the wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide a working space distal of the occlusion formed. This prevents smsU 
particles which may thereafter be dislodged from moving downstream Since e central lumen is available, the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in Figures 1 2 
3 end 4. 

Although the self-expanding sealing mechanism 666 (791 1 can be deployed by retracting the sleeve 771 
(798) es previously described, the sealing mechanism can also be deployed by pushing the flexible elongate member 
652 (guiding catheter 782) through the sleeve so that the sealing mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 668 (791|. if there is little clearance between the apparatus 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient's vessel. As discussed 
below in connection with subsequent figures, the seeing mechanism 666 (791) may alternatively comprise members 
such as b cod, a ribbon-like structure, a slotted tube, or a filter-Gke mesh. In each case, the sealing mechanism 
expands to partially or completely occlude the vessel in question, or alternatively, to anchor an intravascular device 
to the vessel 
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tstimsm Self-Exnandim Memh»r T 

Another embodiment uemg a braidad structural, ahownjchematically in FIG. 5. in which a flexible elongate 
member 20 is disposed within a sacond elongate member 24 such as a hypotube. A self „pandbg mechanism 28 
such as a braided structure b secured to the distal end ef the efengat. number 20, preferably within a „ Nation 
32 of member 20. The braided structure 28 is only pertially ancepsolatad by a preferably Homeric membrane 
36 that make, a seal with the patient', vassal 40. (AJt.rn.tiv.ly. a coating such as e polymeric coating may be 
used in place of the membrane, dbclosad herein.) In this end the oti»r «nbodh,ents. adhere may be used to 
secure the ,elf-expanding mechanbm 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided structure 28 and membrane 36 ar. designed to be asymmetricel. with more material being 
concentrated at the proximel side of the structure 28. The braids of the embodiment, dbclosed herein may be 
st.in.es, steel 304 or 400. superelestic or heat activated Nitinol, ,n iron base shepe memory alloy, or a polymer 
bese. ,uch as polyethytone or polypropybne. They may be constructed, for ex.mple. by using ,tandard equipment 
such as a braider. 

Although the embodiment of FIG. 5 show, the flexible elongate member 20 connected to e guidewire tip 
44. other technotogies for guiding the device through the patient's vessel 40 may be used in this and the other 
embodiments, such as . guidewire (either over the wr. or single operator) or the exchange catheter method, es b 
wel known in th. .rt. Abo. although not expEchly shown in the embodiment of FIG. 5 and the other embodiments 
herein, these embodiment, may include lumen,, a.piratbn and irrigation fittings, and collars Eke those illustrated in 
FIGS. 1-4. 

The membrene 36 is preferebly impervious to the flow of blood (FIG. 8a) for thos. applications not requiring 
perfustan. although a perforated membrane 36' (FIG. 6b) having numerous hole, 37 therein may be used in other 
applications to allow the passage of blood. The hobs 37 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking brger particubte, such as emboli Likewise, a perforated 
membrann 36' may be used in the other embodknents disclosed herein. Antithrombogenic coatings can be used (e.g, 
heparin) to prevent thrombose formation. 

FIG. 7 shows an embodiment n which e braided structure 50 b not enclosed by a membrane. When the 
braided structure 50 comprises, for example, a dbmond mesh pattern in which adjacent wires are separated by about 
10-80 microns, the braided structure permit, the passage of red blood eels, while blocking the flow of matter that 
may be undearabte. eg. emboli or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfusion b required. 

Alternative self-expanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9, a self-expanding filter-like 
mesh 60 and a self-expanding slotted tube 7Z reepectively. are surrounded by a membrane 62 that b preferably 
elastomenc. The filter-like mesh 60 (or dotted tube 72) and membrane 62 are banded or otherwise secured to a 
flexibte elongate member 64, e.g.. to an indentation therein. As with the other self-expanding media disclosed herein, 
the filter-Ike mesh 60 (or slotted tube 72) expands from its unexpended state when the flexible elongate member 
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84 * pushed through a second elongate member 66. or alternatively, when the second elongate member 66 is 
retracted over the first elongate member 64. The filter-ike mesh 60 (or slotted tube 72) then expands so that the 
membrane 62 forms a seal with the surround* vessel 68. A guidewire tip 70 aid, in guiding the device through 
the vassal 66. The M mod, 60 and slatted tube 72 era of a suitable shape memory material such as Nitinol 
or f304 or 400) stainle* steel The futer-Bc. mesh 60 is fibrous in nature, being somewhet ana.og.us to steel wool 
The dotted tube 72 has a lattice-Oka appearance. The slotted tub. 72 may be constnrcted, for example, by 
irradiating , thin-waled tube with a User beam to form holes in the tube in the sh.p. of polygons such as .Wong 
quadrilaterals. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 illustrates another embodiment, in which a coil 80 serves as the self-expending mechanism. The 
can 80 may be integrally formed with a first elongate member 82 or be otherwise specially joined to it. e.g. by 
weWirg or braring the coil to the elongate member 82. The cod 80 i, surrounded by , membr»ne 84 that expands 
with the coil when it is pushed out of e second elongate member 86. or alternatively, when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms a seal with the surrounding vessel 90. The 
membmne 84 may be attached directly to the first elongate member 82, or to a member 88 such as a disk that is 
in turn secured to the coO 80 or the first longete member 82. A guidewire tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. if one is used. 

An embodiment simOer to that shown in FIG. 11 i, ikutrated in FIG. 12» in which the membrane 84 is 
secured at the proximal end to e aeperate sheath 94. In this case, the sheath 84 and the first elongate member 
82 are extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate member 86. 

Another embodiment that employs e self-expanding medium is shown in FIG. 13. in which a plurality of 
ribbons 100 make contact with a membrane 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where it makes e seal. The ribbons 100 of this embodiment are preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0.25-1.0- strips of Nitinol. staimess steel, or Ekjilny™ which expand when urged out of the second 
elongate member 108. A guidewire tip 110 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 illustrates an embodiment similar to the one in FIG. 13. in which ribs 120 such as wires form a 
series of semicircular arcs when they expand. Th. ribs 120 are surrounded by a membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number of ribs 120 is preferably at leest three. The ribs 120 are 
preferably attached directly to a first elongate member 124 that is surrounded by a second elongate member 126. 
The libt 120 themselves are preferably made of a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other self-expending embodiments, the self-expanding mechanism 100 (120) is in an unexpanded 
state when enclosed by the second elongate member 108 (126). and expands whan pushed or pulled beyond the 
second elongate member 108 (126). 
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WafUBtt-wMndinff gaboflnaE 

1 Heat activated emhndimpnt« 

FIGS. 12A and 128 Sm M ^ B , BCtrjca , mms m „, ^ t „ flen8ratB ^ ^ ^ ^ 
rnamber. A first elongate member 82' (and a cofl «T which adjoins it. cod 80' and member 82' being simitar t0 tneir 
unpnmed counter,) is preferably made nf heat activated Nitinol, an iron has. shape memory alloy, or another 
material that expand, when exposed to heat. As shown in FIG. 12A, low profile, low re,i«ivHy electrical lines 81 
and 83 preferably pass either through or along the second elongate member 86 and are attached <e.g.. soldered) to 
the f.rst elongate member 82' on either side of the coil 80-. When current is appfcd through the electrical line, 81 
and 83 (the power supply is not shown but i, praf erabty outs* the patient), the coil 80' beets up through resistive 
heating, and the coil expands to ume the membrene 84 to contact the vessel wall 90. Alternatively, as shown in 
FIG. 12B. the first elongate member 82' may have a coating 85 of gold or silver. In this embedment, the coated 
elongate member 82' is used to pass current (with most of tha current preferably being carried by the coating 85 
so that most of the energy i, deposited in the coil 801. with the circuit being competed with a low resistivity wire 
87 that is preferably connected (e.g, soldered) to either the second elongate member 86 or the sheeth 94 This 
Principle of resistive heating to expand a expansion member can be applied to the other embodiments disclosed herein 
as well. 

RGS. 13A. 13B.end 13C illustrate how heat transfer using a liquid can deploy an expansion member. The 
ribbons 1 00' are preferably mad, of beat activated Nitinol. an iron basa snap, memory aioy.Tr another material that 
expands whan exposed to heat In tha embodiment of FIG. 13A. a warm safin. solution 107 is passed between the 
first and second elongate membor, 106 and 108 and then over the membrana 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat up, they expand, thereby urging tho membrane 102 against the vessel 
wan 104. As illustrated in FIG. 13B. the warm saline sohrtion 107 may also be passed through the fir,, elongete 
member 106 and then through holes 109 in member 106 so that the saline solution 107 more directly transfer, heat 
to the ribbon, 100'. In this embodiment, one or more holes 1 1 1 in the membrane 1 02 (distal to where the seal with 
the vessel wall 104 is made) may be used to allow the saline solution 107 to flow away beyond the ribbons 10CT 
after heat transfer to the ribbons occur,. A, dieted in FIG. 13C. the saline solution 107 may also be passed 
through one or more closed loop coils or tomans 113 within the first elongate member 106. In this way. tha ribbons 
100' and the patient's blood ara not exposed directly to any solution. Using boat transfer can also be applied to 
the other embodiments disclosed herein, provided the expansion member is suitably constructed. 
2: Mechanically deployed arimHfrpynt. 

Other non-self-expanding seating mechanisms that can be used for occluding e vessel are described below. 
In the embodiment of FIGS. 15-17. a first elongate member 140, preferably a pull wre. is (when the device is 
completely assembled) attached to a brace member 144 that is in turn attached to a first ring member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbon, 156 is a membrane 160 that forms a seal with the 
patient', vessel 162 when the ribbons are expanded. The membrane 160 i, joined to at least one and preferab* 
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both of the rin B members 148 and 152. The membrane 160 or. be joined to only one of the ring member, 148 
end 152. for example, when the n»mbr,„e 160 extend, far enough h the longitudinal direction to permit the 
membrane to make a good seal with the vessel 162 whan the ribbons 156 are deployed. 

To assemble the device, the first and second ring members 148 and 152. the ribbons 156. and the 
nwnbrene 160 are placed OS a unit around a second elongate member 166. which has . pair of oppositely facing 
holes 170 end 172. The brece member 144 is inserted through the holes 170 and 172 and secured to both the 
pull wee 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 156 in their longitudinal orientation, is 
illustrated m FIG. 16. As ibstrated in FIG. 17. when the pull wire 140 is retracted, the ribbons 156 Ishown in 
Phantom) end the membrane 160 that surrounds them are urged towards the vessel 162. where the membrane makes 
a sea. with the vessel. Tho ribbons 160 are preferably resilient enough .. that they return to their longitudinal 
orbntation when the pull wire 140 is reteased. The elasticity and resiience of the pud wre 140 also helps the 
ribbons 156 return to their undeployed configured. A guidewke tip 171 may be used to assist in guiding the 
devicB to the desired location in the vessel 162. 

A preferred way of retracting the pull wire 140 is shown in FIGS. 18A and 18B. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatabb handle 180 is attached to a locking member 
184 which m turn is fastened to the puK wire 140. When the lockbg member 184 cleers the second elongate 
member 166 within which it resides (which is preferably outside the patient), the tockkig member and roteteble 
handle 180 may be oriented es illustrated in FIG. 18B to keep the puD wire 140 taught, thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nhoiol 
end may have a diameter of 0.006-0.008 inches, for a catheter having an OJ). of 0.014". for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 186 is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the pud wire 140. thereby deploying the sealing 
mechanism Once extended, the seeing mechanism preferably has the tendency to return to ha undeployed position, 
which in the process pubs the pud wire 140 back into the second elongate member 166. This can be prevented by 
inseriino a spacer member 194 between the handle member 190 and the second elongate member 166. After the 
medical procedure is complete, and occlusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wire 140 end the seeling mechanism returned to their respective undeployed positions. The 
device can then be removed from the patient. 

Although the principle of using a non-self-expanding mechanism has baen illustrated in FIGS. 1517 with 
respect to def ormable ribbons, other nonselfaxpandkig mechanisms, es illustrated in FIGS. 20A-20D. can be employed 
in conjunction with the brace member 144 end the first and second ring members 148 and 152. For example, 
instead of using ribbons 1 58, a non-self-expanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with an elongate member 166. a brace member 144. 
a guidewire tip 171. a first elongate member 140 such as a pull wire, a rotatabb handle 180, and a locking member 
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1 84 to form a device analogous to the ribbon-based device of fig k . 

n8WCB " MB - ' 5 - Alternatively, other mechanisms can be used 

for securing tbe pull wire 140. such as . handle member 190 and a spacer member 184. 

Other OMtfopo*, mechanisms such as a ft**, mesh 208. a slotted tube 212. and coils 216 can 
b. used to form units 220. 230. and 240 analogous to the bre M .d stature unit 204 ., shown h FIGS. 208. 20C 
and 20D. Units 220. 230. and 240 can ikewise be used to construct device, enelogous to the ribbon-based device 
diustrated in RGS. 15-19. Further, if unit 204 i, used wnhout a membrane, it may as«at in blood perfusion if the 
braided structure 200 Is suitably contracted. Actively, perforated membrana, like n«mbr,„ M 36' of FIG 68 
may be used to permit blood perfusion. Ahhough the ribbons 156. the braided structure 200. the fflter-ike mesh 
208. the slotted tube 212. end the coils 216 must be actively deployed (e.g. with e pull wire 140). they are 
neverthidess sirdar to their self-expanding counterparts. 

It should be understood that the scope of the present hvention is not be limited by the Illustrations or the 
foregoing description thereof, but rather by the eppended claims, and certain variations and modifications of this 
invention will suggest themselves to one of ordinary skin in the art. 
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WHAT IS CLAIMS IS " 

1. A device lor occluding a vascular segment, comprising: 

an expansion member; and 

first and second elongate members, wherein said first elongate member engage, said expansion member and 
sad second elongate member engage, said first elongate member. *id expansion member expanding to at least 
parteHy occlude the vascular segment when one of said elongate members is moved longitudinal 

2- The device of Claim 1, further comprising e materiel that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein said material does not completely encapsulate said expansion 

member. 

4. The device of Claim 1. wherein said expansion member is a filter-like mesh attached to an 
indentation within said first elongate member. 

5. The device of Claim I, wherein said expansion member is in an unexpanded state when it is 
surrounded by said second elongate member. 

8. The device of Claim 5. whereh said expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5. wherein said expansion member is self-expanding. 

8. Tha device of Claim 7. wherein said self-expanding member comprises a member selected from the 
group censisting of a braid, a col. a ribbon like structure, a slotted tube, e plurality of ribs and a fSter-like mesh. 

9. The device of Claim 1. wherein said second elongate member is elso secured to said expansion 



10. The device of Claim 8, wherein said expansion member expand, as said first elongate member is 
retracted. 

11. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a plurality of eofls. a ribbontte structure, a slotted tuba, and a filterlike mesh. 

1 2. The device of Clam 9, wherein said expansion member expands as tha relative position of said 
first and second elongate members changes. 

1 3. A method of occluding a segment within e vessel comprising: 

inserting first and second elongate members into the vessel, wherein the first elongate member adjons en 
expansion member; and 

varying the position of at least one of the elongate members so that the expansion member expands untl 
the vessel is occluded. 

14. Tha method of Claim 13. in which said varying step comprise, retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expend. 



™> 99/42059 .,2- PC17US99/03544 

16. The method of Claim 14, in which the expansion member edjoins both elongate members, and the 
relative position of the elongate members is varied to expand the expansion member until the vessel is occluded. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13, further comprising: 
performing a medical procedure near the ocduded site; and 

retrieving the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting en expansion member within the vessel- and 

heating the expansion member to cause it to expand untl the vessel is at least partially occluded. 

20. The method of Claim 19. in which the expansion member is comprised of e material selected from 
the group consisting of heal ectivated Nitinol end an iron base shepe memory alloy. 

21. The method of Cleim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, h which seid heating the expension member comprises flowing warm 
sohition near the expansion member to heat up the expansion member. 
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